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Ihis invention relates to fluidization sxaratus, j&nd rcre 
'■sSL :. I! 

particularlv, to an l^rwd.'^xArat^ for caxryiae cet fluidfted bed 



operations. |- 

Fluidized bed ejuiteer.t has been used for many yfe&rs in the 
cherdcal industry for earry£nl e<n a vide variety of chencalj reactions 
and unit operations such as T cxyin<r. In the usual fluidized r4fl, a solid 
phase is suspend** in an l^wSDy roving fluid stress, usuallv a cas 
stream, *i*r*by the rass of particlas behaves somewhat jpe a boilinc 
liquid. The solid phase nay be a catalyst to prcrote a chemical reaction 
in the strean of fluidizing gas, or it ray be a raterial reac&ve with 
the Auidizin, gas. AlternaUvely, the solid phase may be a paterial 
vhich is treated ry the nuidliiiv? gas *s in the case of fluidired drying. 



r.-nin. - 



Oie of the primary ad\^tages of fluidized bed sy;stfitts arises 
from the fact that tha high tairbulence created in the bed proj-ides high 
heat transfer characteristics as well as. corolete rixing of tjte solids 
and gases within the bed itself. 

Fluidized bed systens are, however, not vithoav, disadvantages. 
Cfte of the disadvantages of ^fluidized bed systems known to thbse skilled 

in the art is the foliation of 'dead zones' at the uoper portion of. the 

... i * ■ 

reactor vtere the solids ray lay and be subjected to high te^rafcares 
for extended oeriods. Hith sere solids, such as starch, asto £cniticr. 
can occur, causing fire and explosions. This problen has bee£ overccene 
in the prior art by ireeh&nical neios ffuch as the irseller disposed in 
U.S. Patent 4,075,766- " In addition, flui^ed beds are o|ften 
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characterised by a phenomenon know as channeling wherry eas 
pockets are formed within !S>e solids ph„se such that gases' 
travel through the fiuidi/ed b«d without Intimately contacting 
the solid phase. Both of ; ]5ie S e problems are recognize^ in the 
art as. severe in the fluidization or wild phase, whlcfc 1 are 
difflcuiJ;..tO-„ttKi.d.*.se.«.. notably starch. ' $ 



10 



Significant improvements in the fluidization of solids 
which are difficult to fltiidize have been achieved through the 
use of fluidizasion processes and apparatus as described in 
U.S. Patent Wos. 3.9«7,97.y-and 4.021,927. An improvement on 
said patents is also described in our Canadian patent njp. 
1.124.0SB issued May 25, -}||2. The: f luidized i*,, syst H „ t±1 _ 
ixad in these patents comprises three distinct fluldized zones 
including upper tod lower If luidized zones, each of whieiy is 
provided with prfdle type agitators to promote more complete 
nixing. The upper and lower fluidlzed zones communicate with 
each other by means of a plurality of tubular zones surrounded 
by heat transfer media whereby most, if not all, of thereat 
transfer to or from the fluidlzed bed. is passed through jithe 
20 walls of the tubular fluldized sones* 
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The present invention" is an Improvement in f luidized bed 
reactors which provides for the elimination of flat surfaces 
in the lower, generally horizontal portion of the upper ichao- 
ber to prevent formation of "dead zones" and thereby eliminate 
the need for mechanical means tc keep the chamber free f£om 
f luidlzable materials that *ay otherwise lay in said chamber. 



SUMMARY pF~THE INVENTION 

The present invention is directed to apparatus for ftuid- 
ization of solid materials, particularly solid particulate 
30 materials whloh have )■ 
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* tendency to adhere „ a^icreraee. The apparatus t^sent irr.^ti* 

is useiul to chadcal «d .fecal processes In which such Jjrrieulate 
ratarials are fluidized a^bjeeted to heat transfer d^fluidizatie*. 
usually to supply heat to jie particOata materia. ij . 

In accoreance^th one esbodirent of the tovsnti^, the irr- 
pro«d apparatus includes a fluidizaiicn systaa co^prf*ina .^^.aeitated 
fluidized zone and a lo-er^tated flui^ zona with an toWdiAt s 
fluidisad zone formed of a' .plurality of tabular zones co^nJettog with 
each of tha uppe_- and lo-er flridiztog zo^ whereby fluidiziiw gas i* 
Passed upwardly through tne lower agitated fluidized sone, t^L* the 
toter«diata zone, and Intone upper agitated Quidi«d »*J|to auidiae 
tha solids to each of the th»e w . ^ ** S e^ t a«orj^ by way of 
this invention resides In a^pactog aeans provided in the rcJr fluidized 
zone, said spacing -neans having a nultipll^ity of ta=*red cJjb*. vfcereto 
said openings are coteratoous on the «per s «rf aoe of said soiling ^ans 
and spaced on tbe lower syrSace of said spacing wans. Said eientoes en 
the lx«r surface are to conoaitric cttnunication with the o=4 ends of 
said tubes to the upper charter, thereby eemunicattog the tot^lor of 
said tubes vith the upper charter. \\ 

»e ijTwowrjent' of the present invention can be adapted to 
other types of fluidiztog apparatus having a plurality ot taAuiar zones, 
the open ends of which ocnr^lcate the toterior of said tubes yjLth an 
upper chanber. .~r„. |. 
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BRlff EesaapsiT* c» the v&imxs 



FIGURE 1 is a sectional view of a fluidized bad apparatus 
embodying the features of the present invention. 

! ? 

F1GUR5 2 is a sectional view aWthe nr* 2-2 in jjp&t l. 
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MG^S 3 is a Sectional viov taken ai/*w the 1l4c *-3 in 
FIGyTRS 2. j; 

The apparatus ,oC the present intention is ideAl Insulted *o? 
use in the con version ol starch to dextrin, ftowe-.^r, as vi:i^be aooreciatad 

hf those skilled in the -wcFtha apparatus of this invention!!* lii^dse 

!i 

suitable for a variety of other f luidized bed applications L-ilud'-ng 
fluidized drying, petrolecn cracking operations and the lite >£ere 
flu idire ri bed systems have been used or. the cast* For ease ot illustration, 
the apparatus of the invention will hereinafter be described In conjunction 
j*ith the convergiog of steAto dextrin, with the understand^ that 
it nay sirdlarly be used fcSTiraay other fluidized operations. 



li 



teferring now to FIGURE 1, there is shew in detail a cross 

sectional view of a fluidi*ed apparatus of this invention. ~$ aooaratus 

-"J ! 
includes an elongate vertical housing c*siqnat*d as 10 which defines in 

its upper portion, an u=per qfwwber 12 having inlet *e*ns 14 to suooly 

a Guidizable rnateria). thereto. The housing 10 also dafines £lo*>z 



chancer 16 positioned at substantially the bottcra. Both of rh& 
chaster 12 and the lower chanter 16 include agitator rears 18 £nd 20, 
respectively. The ar^tatsr^ans 18 includes a shaft 22 roumisd fer 
20 rotation within the upper chamber 12. Mounted on shaft 22 fcr xmatien 

therewith are a plurality of blades 24 xhich ray be in the form of flat 



i paddles rot*table with the shaft 22. Tha agitator reans 20 in;|he lcuer 

chdRter 16 similarly includes a rota table shaft 2$ having substantially 
flat blades rounted for rotation therewith. - 
25 The agitati>g means 18 is'fosned with flat blades 2 r 4 at 

staggered locations, with additional flat blades 30 faeiner mated at 
a 90* anglo betveen each of the blacks 24. ihese blaAss oresexl a 
substantially flat surface lying in a ola^e transverse to the direction 
of flew, of the nuidizing gas. The agitating reans 20 ir. the loue- 
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cnctMr 16 has a sinilar eenfiguratim- Sere or ail o* the bla^qs can 
bo disyeood at angles vit* iwpect to those illustrated. 

Pcsit.' T*d lr. the"hcuai-**J 10 in an intexmdUte sectlcn 32 
arts a jdurality of t*abe* 34 hAtim; ^x«r ends 36 ccmrdcaUnq v-^e. the 
xaoer dwter U loner errln 38 arnnlcaUm with the lov l^yT*?^— 
16. 3ho tyorr csvda 36 axe in .oon uatiii c comrdcation with taneped 
openings 71 en the Icwer stc-face spaeinj Doms 70. In this v^f t 
Guidiiiblo teterial intrasjeed i© the Inlet 14 flow* by cr*vitj ; teas- 
vardly through the vrper chsber 12 thr«#> the olurality of twbes 34 
and into the lew center 16. The k*er carter 16 also inclut^' outlet, 
rear-s 40 to withdraw fluidisafeie ceteris! there tren. ( : 



Positioned below the lo-er charter 16 1* a housing 12 defining 

lit 



20 



a pler^n cherher 44. Flddixiivj 9a* is intro&sed to the olersp 
throu£i Sluidizing ess inlet mans 46. end passes t h rou gh a fox^nms 
distclhutoe plate U into the lower chamber 16. 

majwet of the tabes in the interrelate section 32 

IT 

can be varied considerably. Om rritaKfp arrangement for tha tv^es ^4 
in the section 32 is shoo in FlOJRS 2 of the dr»Hng. As shrc.jpi this 
figure, the tubes 34 

section 32* j> 



s arranged in a pattern about the center je£ the 



or renew 



At least the tinier section is provided with rests socnly 
heat thexefxon. Tor this rcrpose, the s ec tio n 32 preferably 



defines a jacket for heat exchange redia which cam be supp l i ed tb the 
section 32 by. ialet weans 49 and xeroued fro» the section or jacket 33 



I 25 by outlet n&aas 50 as shoo in FXGU& 1* It is alsc desirable i&rec? 

j instances to encOcy teat esehKtge rseans with the »?er rod lo^erchjrters- 

For this purowe, it is generally sufficient to provide a iacket.52 i 

15- 
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er charter 12, with the jacket 55 inclu^-v; iidzt reans 
t oxriwqe jrcdU to the iadcet 52 an* outlet rexis 56 . 
xehanoe redia fro* the jacket 52. 
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s shoo ir. flOSS 1 of the drawing, it is suffig-c-* thnt 
e jacket 52 for the uiccr charter 12 extend cnly vp to 
14. In the illustrated etheOir^nt, e» user crater 12 
done portion 58 f=cn which the fluidisine 99s rjav be 
*eector neaas of outlet rcans 60. As will he 
hose skilled in the art, not only is the &uLdi£&5 c£b -' 
rcxrvea r»= ot cutlet Beans SO, bet any "fines' entwined in jti* 
Quidizing 939 are carried out with it thrcoch the ootlet *cans g>. * 
It is pc&iubla, and scnetincs desirable, to fern the user charter with 
an increased sectional area ti reduce the linear velocity of tteJl\£dLzir*= 
$as to there!?/ assist in the separation of entrained oarticles of the 
solid jfcase. ihe cross secticnal area of the dbra itself nay bejnseased 

or the cross sectlorjil area of the entire charter 12 ray be incrflsed 

for this pczpose. :» 

jy- • 1 

Ohe lrwer chamber = J6 rey likewise be prcvidad with lj&t exchange 
redia, such as ia the fem of a jacket 62, to which beat, eachan^ r~* s rt 
is sur^Ued thra*£ inlet roans 64 end ten which the heat etehaSe asdia 
can be rerowsd fcoa outlet aeans $6. !S; 1 



rrOJSCS 2 and 3 illustrate the irproraerit claimed i-rthe 
present invention. Spacam? laans 70 is provided with taaered co^unes Tl. 
Oi the upper side of spacing vans 70, tapered epeninns 71 are ccte«ac«s 
25 at junctures 72. rhe dianeters of tapered coenirm 71 ereWlu^y 
decreased f rca the upper side of soacing reans 70 to the l rer slot? of 
spacing rear-s 70 whereon said tasartid openings 71 are soaceL Xt§& 
jwticn qZ upper homing 12 with the cuter ed?e 73 of sa&cin? riSsT* 
it is preferable to provide a taoorcd secticc 74. ;1 
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Ihe fb joctiv* of the preset invention is to ellninatft | 
gonurally horizontal f la*. rarfAOesin Cm raser tnrter. This oravjnts 
focruticn of the "A? *d ana* defined in the orbser.t application. *jhe 
cbjecciua is achieved fay the dc&icn illuatrztee in T1GJ&S 2 end 3 ijjr 
5 dr.siT; ^farxi above* *!.~ |__ 

In carrying out a process utilizing the aopAr&tus of the ^present 
invention, use can bo ftado of a vide variety of starches in the cmjp*ion 
of such starches to dextrin, toe exrple, starch can bo blended *dth si 

:jfi 

arid catalyst, creferaialy HQ, for supply to tTio fluid! tod bed reArtgr 
10 of the invention- Star this purpos*, it is generally preferred to use. 

acid in an rout ranging frcm 0.01 to 10.0 carts fay weight of 20* B§? 

Id per 1000 parts by weight of starch c.b. This ecrreseends «croxwotely 
to average paste acidities caressed as mllUequivalents of add per^rare 
of starch (dry bases) of 0.001 to 0.10. I» 



f 15 the nrl<»if1nd starch is then passed throuch the asaaratijl^ 

; . vhile rnintatnfri at a ta ^d t u n j vhich is dependent ficpeuhat on the" 



type of dextrin to be produced. In general, the starch is neantainedjRt 

[WW 

a laifce ratsre vxthin the range of 200'-400 # F in the flulclaad bed re a ctor. 

In general* the residence tire of the starch in the fhrfrtlTfri bed r^pjor, 

of this invention is less than one hoar, and rost frequently ranges frcn 
10 to 30 minutes* although longer or shorter residence tires rtty bo wi^«ed"~^ 
depending sonaAat en the grade of dextrin desired and the degree ofveanversion 
so«S>t. " 



If desired* the air OuiAizing gas nay be heated/ 
on the grade of dextrin to be produced. * In general/ the air can be heated 
to a te^peratee vithin the raa^e fron 85*F to 350T. for exarole, vhen 
canary dextrin is to be prodaocd, terptratures %dthin the range of 225 # -310'P 
are usually preferred* The air supplied as the fluiclzina cas preferably 
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contains roisture to rore efficiently prcrotB the ccrwerslcn re«ictt». 
In general, the air should have a relating humidity within the rrocLof 

15 80%, depending, again, on t*« ora^e of dextrin to be proteed apd 

I ft** 

ene terperatJM of the air. lr. tnls v«y« the introduction of vatar {Or 
add catalyst directly ccto the starch in the £luid bed reactor can 'be 
avoided, thereby farther reducing any tendency for thn starch to ft ^Tg nsrate. 

As will be a^taeiatfedfcy those skilled in the art, eshjt. 
fluidizing cedia can be used. For exsiKle, steaet, or inert cases such 

" . i¥ — 

as nitrogen, carton dioxide, etc. / preferably containing sere noistijje/ 
can be used. In addition, flus gases from cerbustion operations can 

! if* 

similarly be used a* the Guidizing reduxa if desired. It is not essential 
that the auidiring taeditxa add ary sensible heat to the starch ur^^oing 
dactrinizaticn since, ths taeclar section of the reactor eroloyed vith the 

" . . !~\- 

concepts in the practice of this invention in the dextriniaatlon of starches 
is fft^fM* of providing all of the heat necessary to efficiently ei^fct 
the reaction. 

The improvement in the apparatus desrribed above can be used 



in other fluidized apparatus by those skilled in the art. 



Having set. forth the general nature and. sore raeHjic < 
bociirents of the present invention, the scope of the invention is new partic- 
ularly pointed out in the appended claim. 
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THE EMBODIMENTS O? THE INVENTION IN WHICH AN INCLUSIVE -' :a=a 

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS : ;=r:=s^=rr. - . 

I. Apparatus for carrying out fiuidizad operations on 3 tarch^^^^ : ?»} • 
comprising an elongate generally upstanding housing, said 

housing defining an upper chiimber, an intermediate chamber j™*!^?L. . 

and a lover chanbsr wherein said upper chamber and said lower' 

chamber are each provided with agitating means which, include !^f!^^^^ 
rotatable agitator blades, a plurality oZ open ended tubes " 
positioned inside the intermediate chamber, the open ends of .-^^"^ ' 
each of said tubes communicating the interior of said tubes j===r::^i::; 
with said upper and lower chambers, respectively, wherein lisi'S^: . 
starch pa;ses from said upper chamber through said tubes tn ^^^^^^ 
said lower chamber, the improvement comprising iSSSiSSS.:...- 
spacing means provided in said upper chamber, said ij 

spacing means having a plurality ..of tapered openings wherein 'i^^T 

said openings are coterminous on the upper side of said spa- '"'**" 

cing means and spaced on the lower side of said spacing means,; 

said openings on said lw« side being in concentric communi- Mja;Kssss-p.:: 

cation with the open ends of said tubes in said upper chamber,; "^"!L„ J 

thereby communicating the interior of said tubes with said 
upper chamber wherein downwardly tapered means are provided ad'HI 
the upper interior junction of said spacing means with said jl 
housing. - [;- 
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